Rapid growth in Internet use, combined with easy market entry by Internet service providers (ISPs), has resulted in a highly competitive supply of Internet services. Australian ISPs range in size from a few large national operators to niche ISPs focused on specialised service. With many ISPs currently not profitable, subscriber retention is an important aspect of survival. This study develops a model which relates the probability of subscriber churn to various service attributes and subscriber characteristics. Estimation results show that churn probability is positively associated with monthly ISP expenditure, but inversely related to household income. Pricing also matters with subscribers preferring ISPs which offer flat-rate pricing arrangements.
Introduction
The rapid growth in Australian Internet use, combined with relatively easy market entry by Internet service providers (ISPs), has resulted in the competitive supply of Internet services, with one ISP per 2500 customers (Department of Industry, Science and Tourism (DIST), 1998, Department of Communications, Information Technology and the Arts (DoCITA), 1998). Australian ISPs range in size from a few large national operators such as OzEmail and Telstra Big Pond, both of whom have over 200 000 subscribers, to small niche market operators. However, the current market structure is turbulent. Jack Davies, chief executive of America On Line (AOL), recently asserted that while two or three big companies will eventually dominate the Australian market, there is room for niche ISPs focused on business-to-business electronic commerce (Montgomery, 1998) .
ISPs provide users with a networked information service by connecting to a larger ISP, or to a network service provider (NSP). NSPs consist of regional, national and international Internet backbone providers who are linked together at network exchange points. Circuits between users, ISPs and NSPs are typically provided by the public telecommunications operators (PTOs) Optus and Telstra. Effectively, ISPs are resellers who purchase bandwidth capacity in bulk from PTOs and repackage it into smaller parcels for retail sale. As such, the bulk of ISP costs comprise of interconnection and transmission costs -48% of total industry expenses in 1997 (Australian Bureau of Statistics (ABS), 1998). Other variable subscriber acquisition costs, such as advertising, are proportional to the size of the subscriber base. Accordingly, for a given ISP flat-rate service charge, the average cost of providing Internet access falls with increases in the subscriber base. With many ISPs currently not profitable, the retention of subscribers is an important 1 aspect of ISP survival strategy.
Several Australian ISPs have adopted loss-leader strategies to quickly gain a subscriber base. This strategy is similar to the that employed by United States (US) ISPs. For instance, the Strategis Group (1998) suggest that a new ISP may have to offer an introductory price that is 20 to 30% below market rates to attract 2 customers. Although loss-leader strategies prevent full cost recovery in the short-run they can generate future revenue streams (for example, from advertising). Perhaps, more importantly, increased market share makes the ISP an attractive takeover target for larger ISPs and telcos. Accordingly, one aspect of competition between ISPs focuses on subscriber loyalty, typically measured by the churn rate. Churn is the percentage of the subscriber base which disconnects from an ISP during a defined period. In 1997, one in seven subscribers world-wide abandoned their ISP every month -a turnover five times higher than that for mobile telephones (Economist, 1997) . Media reports and proprietary data suggest the Australian experience is similar. The Communications Economics Research Program (CERP, 1997) report Australian Internet churn rates of 20% in 1997, whilst Telstra (1998) describe a ''very high level'' of churn for their ISP Big Pond.
Analysis of customer retention has received recent attention in both economics and marketing literatures. Rust and Zahorik (1993) and Zeithaml et al. (1996) examine the link between service attributes and behavioural intentions, such as defection and loyalty. Li (1995) and Bhattacharya (1998) empirically analyse this relationship by employing hazard rate models to relate customer characteristics to 3 churn rates. Further, Cai et al. (1998) use multi-attribute choice experiments to focus on the relationship between customer churn behaviour and the service attributes of Californian electrical utilities. In their study, various levels of service are contrasted with a range of price discounts to test the threshold points at which a loyal customer is induced to switch to a competitor. Probability estimates of churn are calculated using a logit model.
Following Cai et al. (1998) , this study develops a probability model for ISP 4 subscriber churn. The model relates the probability of subscriber churn to various service attributes and subscriber characteristics enabling the churn probability to be calculated. Model estimation is on data obtained from a web based survey of Australian residential Internet users. The paper is organised as follows. Section 2 describes Australian ISP industry structure, pricing and subscriber churn. Section 3 outlines the survey method and Internet subscriber profile for respondents. Summary information for these data is provided therein. A model of ISP subscriber churn is developed in Section 4, whilst generated variables and the econometric model specification are detailed in Section 5. Estimation results are reported in Section 6. Section 7 contains concluding remarks.
Industry structure, pricing and subscriber churn
ISP access to international and domestic telecommunications networks is a primary production input, and lower access charges should shift ISP supply outward. As reported in Table 1 public switched telephone network (PSTN) charges typically account for over half the total cost of accessing the Internet in most OECD countries. At 1997 Australian leased lines, and local-exchange, long-distance and international PSTN services were mainly provided by Optus and Telstra. Increased competition within both the PSTN and ISP markets has driven prices steadily down, but as yet they have to reach the low levels of flat-rate plans 5 offered in the US and Canada. At the end of June 1997 there were approximately 300 ISPs operating in Australia, typically offering flat-rate plans and plans which combined monthly access and usage fees. For example, Ozemail offered to high-volume users a flat-rate unlimited usage plan for AUD295 per month. Low-volume, frequent users can subscribe to the OzSaver 2 plan which offers 20 hours of access time for AUD39 per month and AUD5 (AUD2.50) per additional hour during the peak (off-peak) period. Australia's average Internet price of USD24.13 (AUD42.40) for 20 hours access (as reported in Table 1 ) is less than half the sample average and the second lowest of all OECD countries. By the end of 1998 the Australian Internet market had grown to over 600 ISPs. Table 2 provides a small cross-section of the available plans for both large and small Australian ISPs during November 1998. The range of prices, flexibility in pricing packages (longer or shorter fixed rate periods) and variability in the threshold number of ''not charged'' reflects both the nature of price and non-price competition between Australian ISPs. For instance, Ozemail and Telstra Big Pond Telstra, Ozemail and Primus provide unlimited monthly access for AUD44, USD45 and AUD25, respectively. The intense competition between ISPs is affecting customer retention. Minimising churn leads to an increase in the installed base of subscribers through time compared to an ISP with higher churn. Further, the sales cost per retained subscriber is reduced, since attracting new subscribers is expensive in terms of advertising, product differentiation and special offers.
Survey method and internet subscriber profile
A profile of Australian residential ISP subscribers was obtained from a web survey conducted from October 13 through November 3 1997. A questionnaire was posted to the CERP web site and advertised to Internet subscribers through national print media and by hyperlinks attached to participating ISP home pages. Respondents were asked to supply information on their ISP, Internet use and expenditure, pricing plan and socio-demographic background. A further question asked respondents to indicate whether they intended to change their ISP within the next twelve months, and their reason for intended churn. During the period of the survey 1257 ISP subscribers completed the questionnaire from which 592 valid responses were obtained.
Approximately 20% of respondents indicated their intention to churn during the period November 1997 to October 1998. Table 3 lists factors considered important by subscribers in choosing their ISP. Personal recommendation, access reliability (dropout rate and connect time), affordability, help desk support and access speed are considered important. Interestingly, only 13% of ISP subscribers consider the available content and value added services as important. Service features deemed important in deciding whether subscribers intend to remain with their current ISP are reported in Table 4 . Whilst affordability is important, reliability and access speed are also of concern to subscribers. Technical support, 24 hour help desks and value added services clearly matter less. Table 5 shows that access price and reliability are the most common reasons for subscriber churn.
A model of ISP subscriber churn
The likelihood that an ISP subscriber churns is examined here in the context of a discrete choice. Discrete choice theory argues that subscribers consider ISP attributes, such as reliability and help desk support, when deciding on whether to churn (McFadden, 1981) . To the extent that customers with similar demographic characteristics exhibit similar preferences, demographic profiles can be associated with the probability of making a decision to churn. Accordingly, ISP j's service th attributes (z ) and subscriber demographic characteristics (s ) allow the n jn n subscriber's satisfaction to be defined by the indirect utility function:
It is convenient to decompose indirect utility (1) into observed (V ) and jn unobserved (e ) components, viz:
jn jn jn The probability of churn is equivalent to the probability that the nth subscriber derives greater utility from churning than from remaining with the ISP. That is:
churn, n not churn, n When the unobserved e are independently, identically distributed according to jn the cumulative normal distribution the functional relationship between revealed utility and the likelihood of churn is binomial probit.
Variables and econometric model
Variables included in the churn model are grouped into four categories. Economic variables include household income, price (monthly expenditure) and the ISP pricing structure (flat-rate or usage based). Usage variables describe the manner in which ISP subscribers use the Internet. Internet use by generic service group (education, hobby or work related), applications (browsing or email) and subscriber Internet tenure are considered. ISP choice variables measure factors underlying the respondent's choice of ISP. Respondent and household sociodemographic variables considered here are those found to be important in other studies (Katz and Aspden, 1997; Madden and Simpson, 1997; Kridel et al., 1998; Madden and Savage, forthcoming) . The list of all variables included in the econometric model is provided in Table 6 . A binomial probit model is used to relate the probability of a subscriber leaving their current ISP with economic, Internet use, ISP attributes and socio-demographic variables. A dichotomous (0,1) variable is used to classify subscribers as to whether they intend to churn (CHURN51) or are unlikely to churn (CHURN50) within the next twelve months. The model is of the form:
where P is the probability the nth subscriber will churn from ISP j, x a vector of jn jn ISP attributes and subscriber (and household) socio-demographic characteristics, b is the parameter vector to be estimated and F(.) is the cumulative normal distribution function. In (4) the parameters relate changes in the explanatory variables to the direction of change in the churn probability.
Model results
Estimated partial effects (transformed parameter values) which indicate the magnitude of the response, and adjusted asymptotic t-values are reported in The likelihood ratio test of the hypothesis of homoscedasticity is based on: l 5 n ln s 2 S n ln s ,
where n 5 S n , s is the pooled least squares residual variance. statistic is applied to test the joint hypotheses that each subgroup of independent variables (economic, Internet use, ISP choice, socio-demographics) identified in Table 6 separately have no impact on the probability that Internet users will churn.
The calculated Chi-squared statistics reported in Table 7 clearly rejects the null hypothesis at the 1% level for all subsets of parameters. The parameter estimates indicate that subscribers in low income households (weekly household disposable income of less than AUD160) are more likely to churn. Further, the probability of churn is greater the higher the monthly ISP expenditure, and less when a flat-rate pricing (rather than some form of timed usage charging) structure is employed by the ISP. Churn is more likely when the subscriber has had an account with another ISP and when the Internet is used for work related purposes. For subscribers who chose their ISP on the basis of reliability, churn is less likely. The churn probability is higher for males and households where the ISP account has multiple users. Younger subscribers are more willing to seek alternative ISPs.
Conclusions
Rapid growth in Internet use and low barriers to ISP entry have fuelled the substantial growth of the Australian ISP market. ISPs are by and large unprofitable due to the difficulty in capturing sufficient revenues to offset costs. As the acquisition of subscribers is expensive, it is important to ISP survival that they retain their current subscriber base. ISPs have sought to segment the market by offering a range of pricing packages, in an environment of strong price competition. This article develops a probability model of ISP subscriber churn to allow the determinants of this behaviour to be isolated.
The empirical results provide some focus regarding ISP subscribers' churn. There is a general industry belief that subscribers are highly price responsive and will churn to gain small discounts. This concept is consistent with the economic notion that consumers are rational and will choose the lowest price if nonprice attributes are the same. This proposition is indirectly supported with the reported churn probability positively associated with monthly ISP expenditure. The pricing structure also matters with subscribers preferring ISPs which offer flat-rate pricing arrangements. Further, subscribers in low income households are more likely to churn.
The results for nonprice attributes are similarly enlightening. The most important ISP characteristic, other than prices, is reliability of service. The manner in which a subscriber uses the Internet is also important in explaining subscriber ISP churn. When subscribers' primary use is email and where use is work-related churn is more likely. However, where the subscriber's main use is browsing, they are less likely to churn. Further, subscribers with a churn history are more likely to churn. The importance of these variables is that they are observable to the ISP and can be of assistance in maintaining a subscriber base. Finally, our results also indicate that customer characteristics are important in explaining subscriber churn.
The likelihood of churn is higher for males and the ISP account has several users. Younger subscribers are more likely to churn.
Some extensions of this study may prove beneficial. It would be useful to develop questions which would educe the magnitude of price reductions required for a subscriber to churn from an ISP. Consideration of the level of pricing (rather than just the pricing scheme), and a wider range of Internet use and demographic variables. To assist ISP network planning some insight into the willingness of subscribers to pay for reliability should be gained. Future work should also consider Internet traffic congestion. Whilst price competition had led to customers switching ISPs, low flat-rate pricing schemes have also encouraged excessive use.
